A summary of the latest αs results at LEP1 and LEP2 from event-shape predictions at O(α 2 s )+NLLA is presented. Later these are compared to measurements obtained using the Experimentally Optimized Scale method. Finally the αs measurement from the 4-jet rate is discussed.
Introduction
The understanding of the role played by the renormalization scale parameter µ in the α s measurements is the main goal of the coming sections. Such a parameter appears in the perturbative series of the QCD predictions, which for any observable is independent of this un physical parameter if all the orders are known. However, usually only the LO and NLO terms have been calculated, and for some observables also the resummation of large logarithms (NLLA) exists. The truncated perturbative prediction is then a function of the renormalization scale.
Latest α s results at LEP1 and LEPfrom event shapes
In this section results of α s measurements by the four LEP collaborations from 2-and 3-jet observables are summarised. For such observables the theoretical predictions are known at least at O(α 2 s ), i.e.,
where s is the centre-of-mass energy, O 3 a 3-jet observable and f groups the NLLA terms.
LEP1 results
LEP1 measurements were produced using data taken in 1991-1995, when LEP was running at the Z peak. In figure 1(a) results from the four LEP collaborations 1−4 using different sets of event shapes are summarised. The renormalization scale was fixed to the centre-of-mass energy (M Z ), and its uncertainty was estimated by varying x µ = µ MZ between 0.5 and 2. This uncertainty dominates the total error, being about 80% of it. The measurements are fully compatible within errors.
LEP2 results
At LEP2 with data at higher energies, smaller hadronization uncertainties are expected, and a different background treatment is applied in the analyses. 
Optimized Scales
For most event shapes the calculations of the perturbative series exist only for the first two terms. The ratio of the NLO contribution with respect to the LO one is used to estimate the importance of the unknown terms. In many cases this ratio is close to unity, an indication of the poor convergence of the perturbative series.
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One can think of a value of the renormalization scale chosen in order to match the theoretical predictions to data. Such an optimal scale is found, without any theoretical assumption, by a combined fit of α s and x µ . This is the so called Experimentally Optimized Scales method (EOS), from which results follow in the coming sections. The optimized scale can differ for different observables, as the convergence of the truncated series does not have to be the same.
Optimized Scales results in DELPHI
DELPHI has recently updated a LEP1 study on the EOS at O(α Other conclusions drawn by DELPHI are that EOS at O(α 2 s ) describes the data over the whole fit range better than resummed predictions. Average results from the 16 observables show a good agreement between the EOS method and the fits to resummed predictions as seen in table 1.
The study also includes results obtained when choosing the optimal scale according to some theoretical assumption (such as vanishing NNLO terms). A larger dispersion in the fitted α s is found, but results are fully compatible with EOS. The study concludes that the best method for α s extraction from 2-and 3-jet observables is EOS at O(α 2 s ).
Other Optimized Scales results

A recent analysis by OPAL
4 has lead to different conclusions (and results from SLD 8 confirm such discrepancies). They show that O(α 2 s ) predictions describe better the data if the scale is also fitted. However, one can not arrive to a conclusion if a comparison with respect to resummed predictions is done, as the best prediction depends on the observable. Following this analysis resummed predictions have a smaller x µ dependence, and therefore the smallest scale uncertainty. They show that the shape of both α s and χ 2 depend strongly on the scale, but with a stable minimum. Following OPAL's studies the best method for α s extraction from 2-and 3-jet observables would be EOS at O(α 2 s ) +NLLA.
α s from the 4-jet rate
In this section the first α s measurement from the 4-jet rate is summarised 9 . These observables have an attractive characteristic. Since the LO term for 4-jet observables is proportional to α Table 2 . Results from the 4-jet rate by ALEPH.
The theoretical error should be reduced in the final results. It was estimated by the linear sum of the scale and NLL uncertainties (0.0016 and 0.0024, respectively). So the 4-jet rate has been proven to be a good observable for α s measurements, since still preliminary results have already reached the precision of previous measurements which used 2-and 3-jet observables. two analyses by DELPHI and OPAL on Experimentally Optimized Scales have been discussed, showing some discrepancies in the final conclusions. However, they both agree on the reduction of the renormalization scale uncertainty when a combined fit of both α s and µ is done. Finally, the first α s measurement from the 4-jet rate has been briefly presented, with preliminary results in agreement with previous 2-and 3-jet measurements, and with similar errors.
